Within socially monogamous species, a male's reproductive success depends on his success at obtaining a social partner with which he mates, as well as gaining extra-pair matings. We investigated the impacts of body mass and parasitism on 2 measures of a male's success at obtaining a social partner (number of female social associations and relative strength of a social bond to a single female) and 2 measures of reproduction (number of females with which a male sires offspring and the number of offspring sired) in natural populations of prairie voles (Microtus ochrogaster) located in Kansas and Indiana. Kansas males with greater endoparasite loads were less likely to have one social partner. Instead, they associated with multiple females although they did not sire offspring with more females than males with lower levels of endoparasitism. We did not find any relationship between endoparasite infestation and the number of females with which males associated in Indiana. There was no association between the level of endoparasites found among males in either Indiana or Kansas and the strength of a male's social bond to a female. Endoparasites, at least at the infection levels detected in this study, were not related to indices of male reproductive success in Microtus populations in Kansas or Indiana. No relationship was found between body mass and indicators of social monogamy in either population. However, body mass appears to be significantly related to male reproductive success. Heavier males produced offspring with more females, particularly in the Kansas population, and sired more pups in both populations.
Many traits that enhance male reproductive success have been identified (Andersson 1994; Clutton-Brock and McAuliffe 2009; Solomon and Keane 2007) . In socially monogamous species, sexual selection may favor characteristics of a male that improve his success at establishing and maintaining a social partnership with a female with which he mates (sociosexual partner), as well as obtaining as many extra-pair copulations (Albrecht et al. 2007; Møller and Ninni 1998; Webster et al. 1995 Webster et al. , 2007 as feasible (Hasselquist and Sherman 2001; Trivers 1972) .
Body size, often indexed as body mass, is one trait that may be important in a male's ability to obtain and maintain a social partner as well as obtain matings with multiple females (Andersson 1994; Boinski 1987; Holleley et al. 2006; Kovach and Powell 2003; Searcy 1979) . Heavier males may be more successful as social partners because they can provide more resources or better protection for the female and her offspring (Adrian et al. 2008; Alcock 1994; Birkhead and Møller 1998) . Heavier males also may have increased reproductive success through extra-pair copulations because they can outcompete smaller males for mating opportunities (McElligott et al. 2001; Serrano-Meneses et al. 2007) , are preferred by females (Klemme et al. 2007; Radford et al. 1998) , or can coerce females to mate with them (Clutton-Brock and Parker 1995) .
Additionally, a lack of parasites may enhance a male's ability to obtain and maintain a social partner as well as his capacity to obtain extra-pair fertilizations. The parasitemediated sexual selection hypothesis predicts that females will preferentially mate with unparasitized or less parasitized males (Clayton 1991; Hamilton and Zuk 1982) . Results from empirical studies provide mixed support for this hypothesis. In some studies, males that were free from ecto-or endoparasites were preferred as mates compared with parasitized males (Ehman and Scott 2001; Kavaliers and Colwell 1995; Kavaliers et al. 2003 Kavaliers et al. , 2005 Kennedy et al. 1987; Mihalcin 2002; Willis and Poulin 2000; Zuk 1988 ), whereas in others male parasite load was not correlated with female preference (Abbot and Dill 2001; Barber 2002; Cramer and Cameron 2007; Dale et al. 1996; Zuk 1987; Zuk et al. 1998 ). In addition, some studies have shown that females mating with parasitized males produce fewer offspring than those that mate with uninfected males (Barnard et al. 1998; Ehman and Scott 2002; Hillgarth and Wingfield 1997) . Less attention had been paid to the role of parasitism in the maintenance, rather than formation, of social partnerships, but in socially monogamous Australian sleepy lizards (Tiliqua rugosa), males with decreased ectoparasite loads were more likely to maintain a long-term social partnership with a female (Bull and Burzacott 2006) . These studies imply that uninfected males may have greater reproductive success due to an increased probability of mating (Edwards and Barnard 1987) and an increased number of offspring per mating.
Although both body size and parasite load may influence sexual selection and male reproductive success in vertebrates, few studies have examined the effect of these characteristics on both of these processes in the same species. In choice tests conducted in the field with free-living white-footed mice (Peromyscus leucopus), females spent twice as much time with males that were infested with botflies than those that were uninfested (Cramer and Cameron 2007) . This result is opposite to what would be expected. However, infested males were also heavier, so it was not possible to distinguish between females' preference for infected versus heavier males.
Female prairie voles (Microtus ochrogaster) show social (time spent with male) and mating preferences for heavier males in a laboratory setting (Aschemeier et al. 2008) . In contrast, female prairie voles do not show social or odor preferences for unparasitized males compared with parasitized males (Klein et al. 1999) in laboratory choice tests. The impacts of body size and degree of parasitism of male prairie voles on social partnerships, the number of females with which males sire offspring, and overall reproductive success have yet to be investigated simultaneously or in a natural setting.
Male or female prairie voles that are residents on territories can be found living in 1 of 3 types of social units: solitarily, with a social partner (male-female pair), or in a group with multiple adults . In east-central Illinois, the proportion of each type of social unit varies seasonally and with population density. At low densities, male-female pairs and solitary females were common, whereas groups were the most common social unit at high density . During the spring-fall breeding season, approximately 36% of social units were male-female pairs ). The percentage of voles living as male-female pairs (socially monogamously) also differs between populations of prairie voles. In Kansas, a greater percentage of prairie voles is socially monogamous than in Indiana (Mabry et al. 2011) . In addition to males that are residents at territories, both populations also contain male wanderers, i.e., males that roam more widely and visit nests of multiple females McGuire and Getz 2010; Ophir et al. 2008; Solomon and Jacquot 2002) .
Social monogamy may be advantageous for males since fewer conspecific adult males visit nests containing males than nests with only single females (McGuire et al. 1990) , perhaps due to resident males guarding their social partners. In addition, a female remained pregnant longer when her mate was present (Dewsbury1995; McGuire et al. 1992 ) and the presence of a female's social partner at her nest after parturition increased juvenile development (Wang and Novak 1992) and survival (Mahady and Wolff 2002, but see Getz and .
Resident and wandering male prairie voles sire offspring (Mabry et al. 2011; Ophir et al. 2008) . Overall, fewer males in the Kansas population sired offspring with more than 1 female (25%) than males in Indiana (58%; C. Streatfeild and N. Solomon, pers. obs.) . Even male prairie voles living with a female can be genetically polygynous (Mabry et al. 2011; Solomon et al. 2004) .
In this study, we investigated whether male body size and parasitism in 2 natural populations of prairie voles that exhibit different levels of social and genetic monogamy (Mabry et al. 2011) influenced social pairing success, the number of females with which males sired offspring, and the number of offspring sired. We predicted that heavier males and those with lower levels of parasitism would be favored by sexual selection. Thus, we expected that heavier males or those with lower levels of parasitism would have stronger social interactions with a single female in Kansas and Indiana, indicating success in maintaining social partnerships. We also expected that heavier males or males with lower levels of parasitism would sire offspring with more females and sire more total offspring. If the formation of social partnerships and male mating success are strongly influenced by female choice, females from Kansas may display stronger social and mating preferences for heavier or less parasitized males since the proportion of voles exhibiting social monogamy is greater in Kansas than in Indiana.
MATERIALS AND METHODS
Study sites.-The natural populations of prairie voles that we studied were located at the University of Kansas Nelson Environmental Study Area (northeast of Lawrence, Kansas; 39u039070N, 95u119270W) and the Indiana University Bayles Road Preserve (north of Bloomington, Indiana; 39u139000N, 86u329270W). Both sites were old fields maintained by yearly mowing, which resulted in a dominance of grasses and forbs and scattered tree seedlings. Fieldwork was conducted in Kansas from May through July 2008 and in Indiana from July through September 2008. Fieldwork began earlier in Kansas because past studies suggest that the breeding season for prairie voles begins about 1 month earlier in Kansas than in Indiana (Corthrum 1967; Rose and Gaines 1978) and the Kansas population experiences a midsummer breeding lull (Gaines and Rose 1976) .
Livetrapping.-At both sites, a 1.5-ha trapping grid was established and each population was monitored for 8 weeks via livetrapping with Ugglan multiple capture traps (Grahnab, Hillerstorp, Sweden). All newly captured animals were given a unique toe clip for identification and tissue was stored at 220uC until deoxyribonucleic acid (DNA) extraction for parentage analysis. For each individual captured, the unique identification number, capture location, sex, body mass (g), reproductive status (males: scrotal or nonscrotal testes; females: pregnant or lactating), and age class were recorded. Animals 30 g were classified as adults, animals 21-29 g were considered subadults, and animals ,21 g were classified as juveniles (Gaines et al. 1979; .
Livetrapping consisted of grid trapping and nest trapping. Grid trapping was used to monitor density and to fit adult female voles captured during the first 2 weeks with radiocollars to determine their nest locations. Grid trapping was conducted during weeks 1, 2, 5, and 8 of the 8-week livetrapping period as described in Mabry et al. (2011) . There were 5 trap checks per week. Nest trapping was conducted during weeks 3, 4, 6, and 7 of the study to obtain data on social associations among individuals. Ten trap checks occurred during every nest-trapping week.
We identified nest sites of females by either radiotracking or fluorescent-powder tracking livetrapped females back to their nests (see Lucia et al. 2008 and Mabry et al. 2011 for details) . Females radiocollared during the first 2 weeks of grid trapping were tracked twice per day, immediately after traps were checked in the morning and before traps were set in the evening, to determine the location of their nests. After nest determination, radiocollars were removed from each female the next time she was captured.
All the trapping, marking, and handling procedures used with the prairie voles in this study were approved by the animal care and use committees of Miami University, the University of Kansas, and Indiana University, and were consistent with the guidelines published by the American Society of Mammalogists (Sikes et al. 2011) .
Analyses of social associations.-We used data from nest trapping to conduct social association analyses (Sih et al. 2009; Wey et al. 2008; Whitehead 2008) . Social association analysis allowed us to quantify the strength of the relationship between pairs of male and female voles, and to determine the number of unique adult females with which each adult male was associated.
Individual voles that were captured at the same nest during the same trap check were considered to be ''associated'' during that trap check. We quantified the strength of social interactions in 3 ways: by determining the number of unique females with which a male was associated (number of ''ties''), by calculating the pairwise half-weight association index between every male and each unique female with whom he was associated (hereafter AI; Cairns and Schwager 1987) , and by calculating a relative association index (hereafter relative AI) between each male and the 1 female with which he was most often associated. We chose to use the half-weight association index because it is less biased when not all associates can be identified (Whitehead 2008) , as was the case in our populations of free-living voles. Relative AI was calculated by dividing a male's AI with his ''most associated'' female (i.e., the associated female with the highest AI) by the sum of AIs with all females with which he had been associated (Mabry et al. 2011) . Theoretically, values of relative AI may range from 0 (no associations at all) to 1 (a male was always, and only, associated with 1 female). A relative AI . 0.5 indicated that the interaction of the focal animal with the strongest opposite-sex AI animal was greater than the summed association with all other opposite-sex individuals. AI and relative AI yielded somewhat different information: AI quantified the strength of a single pairwise social relationship, whereas relative AI examined the strength of a single pairwise relationship relative to the strength of all of the relationships that an individual had.
To minimize the chances of including animals that were not local residents in our analyses, only adults captured .3 times during the 1st nest-trapping period (weeks 3 and 4) were included. There were 2 nest-trapping periods in Kansas and Indiana, but data from the 2nd trapping period (weeks 6 and 7) from both populations were excluded from analyses of social associations due to severe trap disturbance by predators in Kansas during that time.
Parasite sampling and quantification.-To collect ectoparasites, we brushed each male with a fine-toothed comb upon each 1st capture as an adult. Brushing methods were consistent for each individual with 5 strokes anterior to posterior and 5 strokes posterior to anterior along the dorsal side and right and left flank of each individual for a total of 30 brush strokes. During brushing, the male was held over a bucket with ,5 ml of ethanol to anesthetize parasites (Hillegass et al. 2008; Scantlebury et al. 2007 ). Ectoparasites were stored in tubes containing ethanol and transported to the laboratory for identification under light microscopy.
Trap locations in every other grid row had an additional single-capture Sherman live trap (H.B. Sherman, Tallahassee, Florida) to collect feces for analysis of endoparasites; the rows containing the extra traps were alternated between grid-trapping weeks. To determine endoparasite infection, we collected feces from adult males (Kansas: n 5 29, Indiana: n 5 73) by removing feces from Sherman traps containing only 1 adult male vole. After a vole was released from the Sherman trap, the trap was washed and replaced before the next trap check. Pooled fecal samples from each time feces had been collected from the same male (range: 1-6 samples per male) were combined with a fecal floatation medium (Ovum Flotation Dry, Phoenix Pharmaceutical, Inc., St. Joseph, Missouri). Glass microscope slides were placed on the meniscus of the solution, allowing floating endoparasite eggs to adhere to the slide. We identified endoparasite eggs to phylum or class and counted them under light microscopy at 1003 magnification. Total counts were made by examining the entire slide and counting each identifiable egg. These counts were then divided by the weight of each sample (,0.2 g/sample) to obtain the number of eggs per gram of feces (McCurnin and Bassert 2002) .
Genetic parentage analysis.-Genomic DNA was extracted from tissue samples using DNeasy extraction kits (Qiagen, Valencia, California). All captured voles were genotyped at 6 hypervariable polymorphic microsatellite loci (AV13, Moe2, MSMM-2, MSMM-3, MSMM-5, and MSMM-6) optimized for use with prairie voles . Microsatellite DNA was then amplified at each locus using the polymerase chain reaction and analyzed as described in Keane et al. (2007) . For all adults sampled in each population we calculated observed and expected heterozygosity at each locus and assessed deviations from Hardy-Weinberg equilibrium using Cervus 3.0 (Field Genetics, London, UK; Kalinowski et al. 2007 ; Table 1 ).
We used microsatellite data to assign parentage with Cervus 3.0 as described in Mabry et al. (2011) . Following Winters and Waser (2003) , we conducted a multistage genetic parentage analysis, in which we first used the parent-pair option and considered all adult voles trapped 20 m from 1st capture site of a juvenile as candidate parents. We chose the 20-m criterion because it was approximately equal to the diameter of an average adult home range in natural populations (Mabry et al. 2011) . If both male and female parents were not assigned with 95% confidence during the 1st iteration of the parentage analysis, we expanded the set of candidate parents to include all adults captured 40 m from the juvenile's site of origin. Finally, if Cervus 3.0 was able to assign a mother, but not a father, with 95% confidence, we used the ''known mother'' option with all adult males captured 40 m from 1st capture site of a juvenile as candidate fathers. We used livetrapping data, particularly captures of adult females with nursing young, to confirm the assignments of juveniles to a known mother.
After parentage assignment, we calculated the number of females with which a male sired offspring for each adult male and the total number of offspring sired. Males captured 3 times, but that did not have any offspring assigned via parentage analysis, were recorded as having sired offspring with 0 females.
Data analysis.-Data from each field site (Kansas and Indiana) were analyzed separately. Prairie vole abundance was estimated using the minimum number known alive method (MNKA 5 number of animals captured at time t plus those individuals not captured at time t but captured both before and after time t), which is highly correlated with the results of other methods of population estimation for prairie voles (Slade and Blair 2000) . The effective area sampled was considered to be the size of the trapping grid for each population plus a surrounding boundary strip with a width equal to 5 m, which is half the distance between adjacent grid points. The mean adult density (6SE) for each population each year was estimated from the average of the MNKA of adults during each of the 4 grid-trapping weeks divided by the effective grid area.
We calculated average adult body mass for each male using the measurements of body mass from every capture as an adult. We examined the relationship between ecto-or endoparasite presence and body mass in males from Kansas and Indiana to determine if parasite loads were negatively related to body mass (e.g., Devevey et al. 2008; Khokhlova et al. 2002) , positively related to body mass (Cramer and Cameron 2006) , or had no relationship with body mass (Hawlena et al. 2008 ) using Welch's t-tests. We used a Spearman's correlation to examine the relationship between body mass and egg counts for Kansas males since all males had endoparasites.
Due to the low presence and intensity of ectoparasite infection at both field sites and the drastic reduction in sample size when including males with ectoparasites as an independent variable, all final models excluded ectoparasite data. Because data for endoparasites, social associations, and reproduction were not available for all males, we analyzed separate general linear models for each set of variables using R (R Foundation for Statistical Computing, Vienna, Austria) with number of female social ties, relative AI, number of females with which males sired offspring, and number of pups sired as dependent variables and average adult body mass and endoparasites as independent variables. In Kansas, because the observed distribution of endoparasite egg counts was severely right-skewed, they were log-transformed for inclusion in our models. In the Indiana population, we found few endoparasites per individual; therefore we categorized males as either parasitized or unparasitized by endoparasites.
For models with count data as the dependent variable (female social ties, number of mates, and number of pups), quasi-Poisson regression was used. According to Noe et al. (2010) , quasi-Poisson regression is preferred when there is no compelling reason to accept the implicit Poisson regression assumption that the conditional mean of the response variable is equal to the conditional variance. The quasi-Poisson model includes a scale factor to allow for overdispersion relative to the Poisson model. Models with relative AI as the dependent variable used quasibinomial regression for a similar reason. Because of the prevalence of missing data for many of our response and predictor variables, we took the following approach to model selection for each response. First, since we have complete data on the mean mass variable, we examined the marginal impact of mean mass using a simple generalized linear model with mean mass as the only predictor variable. Next, we considered the reduced data set for which both mean mass and endoparasite information were available. Standard model selection techniques were then applied to the reduced data set using an interaction model involving mean mass and our endoparasite variable as the most complex model. However, if our complete data model indicated a significant relationship with mean mass, then mean mass was included in the final model, even if its impact was nonsignificant for the reduced-data model. Relevant model summary statistics are reported in the text. Averages are reported 61 SE.
RESULTS
The density of adult voles in Indiana (90.0 6 13.6 adults/ ha) was about 1.5 times that in Kansas (58.1 6 5.6 adults/ha), which accounts for the difference in the number of males we were able to sample from the 2 populations. Body mass of male voles was 36.5 6 0.7 g (range: 30.0-48.6 g, n 5 54) for the Kansas population and was 41.1 6 0.5 g (range: 30.0-61.0 g, n 5 141) for the Indiana population.
Ectoparasite prevalence (mostly mites) in males was low at both sites, with only 24.1% (13/54) and 13.8% (15/109) of sampled males infested in Kansas and Indiana, respectively. Endoparasites were extremely prevalent in Kansas, with eggs found in 100% (29/29) of males. In Kansas, all endoparasite eggs were identified as being from one morphotype of cestode (273.3 6 72.3 eggs/g feces). Endoparasite eggs were less prevalent in Indiana; 37.3% (28/75) of males. In Indiana, all parasitized males except 2 were infected with the same morphotype of nematode (13.1 6 1.8 eggs/g feces for those with nematode infections).
Contrary to our expectations, males with ectoparasites weighed significantly more than males that had no ectoparasites (39.8 6 1.7, n 5 13, and 35.5 6 0.6, n 5 41, for males with and without ectoparasites, respectively; t 15 5 2.34, P 5 0.033) in the Kansas population. In contrast, there was no difference in body mass in Indiana males with or without ectoparasites (43.4 6 1.3, n 5 15, and 41.4 6 0.6, n 5 94, for males with and without ectoparasites respectively; t 19 5 1.42, P 5 0.170). There was no statistically significant relationship between endoparasites and body mass in Kansas (n 5 29, r s 5 0.31, P 5 0.104). In Indiana, males with endoparasites weighed 44.4 6 0.8 g, n 5 28, and those without endoparasites weighed 40.8 6 0.8 g, n 5 45. These masses were significantly different (t 65 5 3.19, P 5 0.002).
The number of different females that a male associated with was not related to male body mass in Kansas (n 5 24, t 23 5 0.78, P 5 0.444), but there was a positive relationship between endoparasite egg counts and the number of females with which males associated (n 5 14, t 13 5 3.681, P 5 0.003; Fig. 1 ). There was no statistically significant relationship between body mass and relative AI in Kansas (n 5 24, t 23 5 1.83, P 5 0.080). Furthermore, the relationship between endoparasite egg counts and relative AI in Kansas was not statistically significant (n 5 14, t 13 5 0.995, P 5 0.338). In Indiana there were no significant relationships between the number of different females that a male associated with and male body mass (n 5 24, t 23 5 0.21, P 5 0.834) or with presence or absence of endoparasites (n 5 18, t 17 5 21.22, P 5 0.241). Similarly, relative AI scores were not significantly related to body mass of males (n 5 24, t 23 5 20.40, P 5 0.697) or to counts of endoparasite eggs in Indiana males (n 5 18, t 17 5 21.43, P 5 0.172).
The number of females with which males sired offspring was 0.9 6 0.2 (range: 0-4) in Kansas and 0.8 6 0.1 (range: 0-6) in Indiana. Heavier males sired offspring with more females than did lighter males in the Kansas population (n 5 35, t 34 5 2.65, P 5 0.012, Fig. 2a) . In Indiana, males that were heavier also sired offspring with more females than did lighter males, although this result was of borderline significance (n 5 79, t 78 5 1.97, P 5 0.052, Fig. 2b ). There was no significant relationship between endoparasites and the number of females with which males sired offspring in Kansas (n 5 22, t 20 5 0.47, P 5 0.642) or in Indiana (n 5 48, t 47 5 1.68, P 5 0.100).
Overall, we were able to assign parent pairs at the 95% confidence level for 66.22% (49/74) and 43.15% (104/241) of individuals first caught as juveniles in Kansas and Indiana, respectively. The average number of pups recruited into the population was similar for males in Indiana and Kansas (Kansas: 1.3 6 0.3 pups/male, range 0-9; Indiana: 1.3 6 0.2 pups/male, range 0-8). 
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Heavier males in Kansas had greater reproductive success (number of pups recruited into the population) than lighter males (n 5 35, t 34 5 2.72, P 5 0.010, Fig. 3a) . The same was true in Indiana (n 5 79, t 78 5 2.09, P 5 0.040, Fig. 3b ). There was no statistically significant effect of endoparasites on reproductive success in Microtus populations in Kansas (n 5 22, t 20 5 20.29, P 5 0.777) or in Indiana (n 5 48, t 46 5 1.52, P 5 0.136).
DISCUSSION
Our results indicate that body mass plays an important role in the number of females with which males sired offspring and the reproductive success of male prairie voles in Indiana and Kansas, but we did not detect strong associations between body mass and indices of social monogamy. Parasitism seemed to have less impact on reproduction in male prairie voles but affected social associations in Kansas.
Male body mass was significantly and positively related to the number of females with which Kansas males sired offspring (the effect was of borderline significance in the Indiana population) and reproductive success of males in both populations, indicating a reproductive advantage for larger males, similar to that seen in a number of mammalian taxa (Adrian et al. 2008; Andersson 1994; Boinski 1987; Holleley et al. 2006; Klemme et al. 2007; Kovach and Powell 2003) . Although it was previously known that body size was important in promiscuous mammals, its importance in socially monogamous mammals has not been investigated as much. With the realization that males of many species of socially monogamous mammals mate with multiple females (Fietz et al. 2000; Goosens et al. 1998; Kitchen et al. 2006; Martin et al. 2007; Munshi-South 2007; Sillero-Zubiri et al. 1996; Solomon et al. 2004) , there is more interest in traits such as body size that may influence ability of a male to obtain extra-pair fertilizations in these species. Although body mass played an important role in the number of females with which Kansas (and possibly also Indiana) males sired offspring and the reproductive success of male prairie voles in both populations, our study was not designed to determine whether this was due to increased success in male-male competition or to female preference for heavier males. Heavier males may have better access to resources because they can outcompete smaller males for high-quality territories (Adrian et al. 2008; Forstmeier 2002) , allowing these males to mate with more females and thereby increase reproductive success. This seems unlikely for prairie voles since paired or resident males were no heavier than unpaired or wandering males in previous field studies (Getz et al. 2004; McGuire and Getz 2010; Solomon and Jacquot 2002) . Alternatively, females may prefer to mate with heavier males if body mass acts as an indicator of male quality. In laboratory preference experiments, female prairie voles exhibited significant social and sexual preferences for heavier males (Aschemeier et al. 2008; Solomon 1993) . However, we could not assess the age of individuals first captured as adults, so it is possible that heavier males were older and had more time to reproduce than younger males that weighed less.
In addition to female preference, heavier males may be more successful in extra-pair matings due to sperm competition. Although there are interspecific correlations between body mass, testes size, and sperm counts in rodents (Breed and Taylor 2000; Ginsberg and Huck 1989) , the intraspecific relationship between body mass and testes size is not as clear (Goheen et al. 2003; Schradin et al. 2009; Schulte-Hostedde and Millar 2004; Stockley and Purvis 1993) , especially in socially monogamous species.
Endoparasitism was common at both sites, especially in Kansas where cestodes were extremely prevalent. The prevalence of males with cestode eggs in the Kansas population was much greater and the intensity of infestation was more variable than reported in wild rodents in other studies (Barnard et al. 2002 , Behnke et al. 2004 Wells et al. 2007 ). However, it is unknown if the prevalence and intensity of infestation seen in this study is typical of prairie voles. To determine if this pattern is typical, multiple years of data are necessary.
In the Kansas population, we found a significant positive relationship between endoparasite egg counts in males and the number of females with which males associated. Males with higher egg counts were considered to have a greater degree of infestation than males with lower egg counts. On the basis of relative AI values, fewer male prairie voles with greater degrees of cestode infestations appeared to be socially monogamous than those with lower degrees of infestation. However, even though males in the Kansas population with higher degrees of cestode infestations associated with more females, they did not obtain more matings or offspring. Contact with multiple conspecifics may come at a cost of increased endoparasitism to the male and possibly to females in subsequent mating attempts compared with individuals living alone (Ezenwa 2004) or even as stable pairs. Alternatively, the physical condition of males with greater infestations may be worse than that of males with lesser degrees of infestations. Thus, females may not want to remain as a social partner at a nest with a male with greater endoparasite infestation.
Despite the prevalence and considerable variation in the intensity of endoparasite infection at these sites, endoparasites did not appear to negatively affect reproduction in either population or social associations in Indiana. These results could be due to the level of infection in the field populations being below a threshold at which an effect on these variables could be detected given the sample sizes, particularly in the Kansas population, and the variation in male reproductive and social behavior.
Ectoparasitism was not prevalent at either field site, so analysis of the social or reproductive costs of ectoparasites on males was not possible in this study. Although our method of collecting ectoparasites was similar to that used in other studies (Hillegass et al. 2008; Scantlebury et al. 2007) , the low level of ectoparasitism in this study could be due to some ectoparasites, such as fleas, escaping before collection. However, if a low prevalence of ectoparasites is typical for these populations, it is unlikely that ectoparasites have a significant impact on the formation or maintenance of social partnerships, the number of females with which a male sires offspring, or male reproductive success. In previous studies, natural levels of flea infestations did not decrease survival in other species of rodents (Hawlena et al. 2006a (Hawlena et al. , 2006b Krasnov et al. 1997) , suggesting that natural levels of ectoparasites might not directly affect lifetime reproductive success (but see Arnold and Lichtenstein 1993; Hillegass et al. 2008) . We did find that adult males in Kansas with ectoparasites were significantly heavier than males without ectoparasites. Although our initial expectation was that parasitized males would weigh less than unparasitized males due to increased metabolic costs of parasitism (Devevey et al. 2008; Khokhlova et al. 2002) , a previous study showed that male white-footed mice gained weight after being parasitized by botflies (Cramer and Cameron 2006) . Therefore, it is possible that ectoparasites have an indirect effect on mating patterns of males and ultimately reproductive success.
Our study provides insight into the effects of male body size and endoparasitism on social associations and reproductive success in prairie voles in a natural setting. In 2 different populations, heavier males sired offspring with more females and had increased reproductive success compared with lighter males. However, social associations did not appear to be greatly affected by either male body mass or parasite load, nor did male parasite load affect reproduction. Given the sample sizes, particularly in Kansas, and the considerable variation in male social and reproductive behavior, these latter results may be due to our inability to detect subtle effects of body mass and parasitism on social association or reproductive success rather than reflecting an absence of an effect. Future studies examining larger numbers of males may be needed before concluding that social associations are not affected by male body mass or that male parasite loads have little effect on social and reproductive behavior.
